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Time (s) fact greatly increased the size of the initial peak of the incorporation of ['HITTP and [ "PITTP. It therefore seems unlikely that depletion o f the nucleotide pool in electropermeabilized cells accounts for this fall in the nucleoside triphosphate incorporation.
In the absence of only one nucleoside triphosphate of the complement of four, the profiles of the time courses were distorted, especially where the initial transient burst takes place. During the initial burst, the activity required of the repair polymerases may be very high and requires a balance of all four nucleotide substrates present. This may be related to a need to repair genes that are active in transcription (mRNA synthesis) rapidly and with high fidelity, since incorporation of wrong nucleotides will subsequently have to be re-repaired [3] . Alternatively, this may reflect rapid repair of direct breaks, also required at high fidelity.
Soft X-rays generated from a laser plasma obtained by focusing a laser beam t o a 10 p m spot on a metal surface are of considerablc interest for use as damaging agents in DNA repair studies, since this type of source is a potentially powerful laboratory scale device where wavelength tunability is feasible because of the comparatively free choice of target material. Another useful characteristic is that the X-rays are delivered t o the specimen in the form of intense short bursts of radiation so that at any one instant during the pulse a number of photons are likely to be interacting with cell nucleus DNA. The resultant photoelectrons remain localized [ I ) . These properties make X-rays from a laser plasma a suitable damaging agent to use in the studies of fast time courses of DNA repair derived using the break-trapping method of photoactivated 'caged' nucleotide analogue polymerase inhibitors [2] . X-ray damage is the most appropriate topic for application o f this methodology, since the overall repair of X-ray induced DNA breaks is much faster than for u.v.-induced damage. The half-time of repair of damage to DNA even after several kilorads of X-rays has been reported as being as short at 1 0 min [ 3 ] .
Highly localized clusters of damage are probably predominantly responsible for the observed biological effects of high-energy X-irradiation, especially at low doses [4]; therefore, these soft X-rays are an appropriate model agent of darnage which is relevant to radiations which come from the environment.
Experiments to date have made some preliminary assessments of the penetrating properties of the laser plasma X-rays and the nature of the repair of DNA damage induced by them.
Cells are grown on mylar membranes (1.5 p m ) for experiments with soft X-rays. When V 7 Y Chinese hamster ovary cells were irradiated with Fe O.Y KeV X-rays from a laser plasma source, a significant stimulus of ['H ]thymidine incorporation into DNA was observed and was optimal at a dose of about 2 Gy. This stimulus, which may almost certainly be attributed to DNA repair, was partially inhibited by dideoxythymidine, showing that the X-ray-induced synthesis is catalysed, at least in part, by polymerase fi and/or polymerase 6. Under the light microscope V7Y cells can be seen to adhere well and adopt a very flat morphology o n the mylar membrane.
AA8 Chinese hamster ovary cells, which adhere and flatten less well on the mylar membrane, did not show a clear effect of repair stimulation when irradiated with Fe 0.9 KeV X-rays. The estimated attenuation length of these X-rays is about 2 p m [l]. The effect of Fe 0.9 KeV laser plasma X-rays on cell survival has been shown to be similar to that of 0.28 KeV carbon X-rays produced by a cold-cathode discharge source [ 1 1. Cu 1.1 KeV X-rays were also produced from a laser plasma source. These X-rays have an attenuation length of about 5 p m and stimulated a repair response in V7Y cells at a dose of 0.5 Gy and in AA8 cells at a dose of 4 Gy. This shows the Cu 1.1 KeV X-rays penetrate sufficiently t o be used for DNA damage studies on various cell types which have different growth characteristics.
To enable use of the rapid break-trapping method described previously [2] with soft X-rays, the electropermeabilization apparatus has to be adapted to permit irradiation and permeabilization of adherent cells on mylar membranes. To do this the culture surface of the membrane is covered with two sets of interdigitating parallel 25 ,urn gold-coated tungsten wires placed I mm apart with every alternate wire connected to the cathode or anode. Initial results with a prototype for this system where wires are placed, as described, on the surface of a plastic culture dish, are promising but not optimal. Approximately 40% of cells in a monolayer are permeabilized by a voltage discharge of SO V across the wires, but in a non-uniform fashion. Patches of I 000 
Ititrodirctiori
The use of the technique of near4.r. spectroscopy (n.i.r.s.) for the non-invasive measurement of changes in the oxygenation level o f haemoglobin and changes in the redox state of cytochrome oxidase (cytochromc ua3) in vivo has been previously described 
Materials utid methods
The technique of n.i.r.s. [ 1, 2, [5] [6] [7] and the instrumentation has been described [2, 8, Y] . The data are analysed using a modified form of the Beer-Lambert law for multicomponent analysis 17. 91.
Sirqicul procedurez. Adult male rats (Wistar) of weight 300-650 g were used. Anaesthesia was induced and maintained with Hypnorm (0.2 mi) and diazepam (0.3 ml). The animals were tracheostomized and artificially ventilated. A femoral artery was cannulated for measuring blood pressure, arterial blood gases and pH (Radiometer). The shaven heads were placed within a holder and probes were placed on either side of the head in the temporal region.
Abbreviations used: cytochrome aa,, cytochrome oxidase; n.1.r.s.. near4.r. spectroscopy; F,,()., fractional inspired oxygen; arterial oxygen pressure; p(.(,: . arterial carbon dioxide pressure; Hh. haemoglobin.
Results
Oxygenation changes were made within the ranges from 0.15 to 0. Fig. l(a) . The change in the HbOz and HbR concentrations in relation to the poz appears to be consistent with the known allosteric behaviour of haemoglobin.
Cytochrome aa,. In 15 rats subjected to hypoxia (from an initial F,,02 of no greater than 0.3 to a minimum of 0.15, a measurable reduction of cytochrome ua, occurred. However, in hypoxic episodes of less than 15 s duration there was no measurable change in the redox state of cytochrome au?. In Fig. l ( h ) are shown the results of a rat cerebral study in which the change in concentration of Hb/Hb02 is plotted versus time. The cytochrome aa, trace is magnified by a factor of 20. The F,,(), was increased from 0.24 (po! of 96 mmHg) at event 1 to'0.3 F,,,2 (pol of 1 18 mmHg) at event 2; the concentration of HbOz increased with a complementary reduction in the level of deoxygenated haemoglobin.
At event 3, the F,,(): was decreased to 0.19 with a pO, of 50.9 mmHg. This resulted in a rapid deoxygenation of 'Hb and with a marked reduction of cytochrome m,. This reduction of cytochrome ua3 did not recover simultaneously with Hb oxygenation on increasing the F,,(): to 0.4, but was prolonged and, moreover, the overshoot which is seen to occur with HbOz did not occur or return to baseline with cytochrome au,. There was an insignificant effect on total Hb concentration (analogous to cerebral blood volume).
Prolonged episodes of hypoxia (F,,(): 0.1 Y for more than 2 min) result in a reduction of cytochrome aa3 which is preceded by Hb deoxygenation, and the recovery of cytochrome Vol. 18
